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ABSTRACT 
Surface and subsurface distribution of different forms of potassium was 
studied under thirteen land use classes in the arid region of Gujarat. The 
different land use classes were three prominent grasses namely Cenchrus 
ciliaris, Cenchrus setigerus and Lasirus sindicus, four silvipastoral 
systems involving neem (Azadiracta indica) and acacia (Acacia tortilis) 
as tree components and Cenchrus ciliaris, Cenchrus setigerus as grass 
species, sole plantation of Prosopis juliflora, Henna, Ber, field crops, 
culturable waste land and degraded land. The contents of water soluble, 
exchangeable, non exchangeable, total, CaCl2 extractable and Morgan’s 
K varied from 5.0 to 27.9, 56.7 to 145.9, 166.8 to 744.6, 2640.9 to 
6950.3, 35.5 to 92.8 and 22.9 to 47.0 mg kg-1 respectively. The 
silvipastural system involving Acacia and Cenchrus ciliaris recorded the 
highest water soluble, exchangeable, non exchangeable, Morgan’s and 
CaCl2 K. The total K was highest in soils under the grass, L.sindicus 
(6950.3 mg kg-1). The degraded land recorded the lowest content of non 
exchangeable K, Morgan’s K and CaCl2 K whereas the total K was 
lowest in the culturable waste land. 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
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1. Introduction 
Potassium in soils exists in different forms as water 
soluble, exchangeable, non-exchangeable and in 
mineral forms. These different forms are in a state of 
dynamic equilibria, which will be affected when soil 
solution K is either taken up by plants, leached into 
lower horizons or converted into unavailable forms 
(Sparks and Huang, 1985). Therefore, a thorough 
knowledge of different forms of potassium in soil is 
important in assessing the long term nutrient 
availability of K. Different land use systems impart 
differential changes in the physico-chemical properties 
of soils and these changes are dependent on the type of 
vegetation, its rooting pattern, canopy architecture, 
type and quantity of litter fall etc. The different land 
use systems affect the fertility status of soils 
differently (Aggarwal et al., 1976; Kiflu and Beyene, 
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2013; Puri et al., 1994). The management practices 
such as application of nitrogen and phosphorus 
fertilisers also affect the potassium status in soil 
(Wang et al., 2010). Very meagre scientific 
information is available regarding influence of 
different land use classes on different potassium 
fractions in soils of arid Gujarat. The present study 
was therefore undertaken to investigate the influence 
of different land use systems on different forms of 
potassium in the soils of Kachchh region of arid 
Gujarat . 
2. Materials and methods 
2.1. Sampling and analysis 
The study was carried out at the research farm of 
Central Arid Zone Research Institute, Regional 
Station, Kukma, Bhuj, Gujarat. The study area is 
located between 23o 12’ to 23o 13’ latitude and 69o 47’ 
to 69o 48’ longitude in the Kachchh district and comes 
under the 3rd agro-ecological zone of the arid area of 
the Gujarat state (Jain et al., 2003). The average 
annual rainfall of the area is 384 mm which is highly 
erratic. Thirteen land use classes were selected for the 
investigation and it included three prominent grass 
species namely Cenchrus ciliaris, Cenchrus setigerus 
and Lasirus sindicus, four silvipastoral systems 
involving neem (Azadiracta indica) and acacia 
(Acacia tortilis) as tree components and Cenchrus 
ciliaris, Cenchrus setigerus as grass species, sole 
plantation of Prosopis juliflora, Henna (Lawsonia 
inermis), Ber (Ziziphus mauritiana), field crops, 
culturable waste land and degraded land. These land 
use systems were in existence for more than eight 
years in these sites. Composite soil samples were 
collected under these land use classes in three 
replications for both surface (0-15 cm) and sub surface 
(15-30 cm) layers. The processed soil samples after 
passing through 2 mm sieve were analysed for 
different physical and chemical properties using 
standard methods (Black et al., 1965).  The soils were 
alkaline in reaction with pH ranging from 8.04 to 9.03 
(Table 1). The soils were low in organic carbon status 
(0.11 to 0.48 % in the surface layer and 0.12 to 0.29 in 
subsurface layer). The electrical conductivity, 
available nitrogen and the available phosphorus values 
of surface soils varied from 0.29 to 1.1 dSm-1, 68.0 to 
252.89 ppm and 2.05 to 11.07 ppm respectively. 
Different forms of potassium namely water soluble 
(1:2 Soil : water), exchangeable (by leaching with 
neutral (N) ammonium acetate, non exchangeable (by 
boiling with 1N HNO3), total K (by HF-HClO4 
digestion), Morgan’s K and CaCl2 extractable K 
(Helmke and Sparks, 1996) were determined by flame 
photometer. 
Table 1. Physico-chemical properties of soils under study 
Parameters Range Mean 
pH (1:2) 8.04- 9.03 8.58 
EC (dSm-1) 0.29- 1.1 0.53 
Organic carbon (%) 0.11 – 0.48 0.25 
Nitrogen (ppm) 28.0 – 252.89 95.91 
Available P (ppm) 2.05 – 11.07 5.53 
Sand (%) 65.4 – 83.6 74.21 
Silt (%) 2.8 – 12.6 7.51 
Clay (%) 7.2 – 29.8  18.28 
 
3. Results and discussion 
3.1. Total K 
The total K content in the soils ranged from 
2640.9 to 6950.3 mg kg-1 (Table 2). The total K 
differed significantly with different land use classes 
and culturable waste land recorded the lowest K.  
Generally the total K content was higher in the sub 
surface which may be ascribed partly to the crop 
removal and partly to the leaching of K with the 
colloidal fraction of soil to the lower layers (Chandel 
et al., 1976). Among the grasses the total K content 
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was maximum in Lasirus sindicus (6950.3 mg kg-1). 
The plantations of Prosopis juliflora followed this 
with a total K content of 6714.3 3 mgkg-1. 
Silvipastoral system of Acacia with Cenchrus 
setigerus found to add more to the total K pool in the 
soil (6674.0 3 mg kg-1 in surface and 7334.3 3 mg kg-1 
in sub surface) whereas in silvipastural system 
involving neem  and Cenchrus ciliaris registered a 
total K content of 6618.8 mg kg-1 in the surface soil. 
Soils under field crops recorded 3484.8 3 mg kg-1 K as 
against 5017.8 3 mg kg-1 in the Ber orchards. The 
lower quantities of K under field crops, henna and ber 
when compared to those under grasses and 
silvipastural systems may be due to the removal of 
potassium in these soils by way of crop harvest and 
subsequent shift in the dynamic equilibrium every 
year. There was significant differences in the total K 
under various land use classes and surface and sub 
surface layers. 
3.2. Water soluble K 
The water soluble K under various land use classes 
ranged from 5.0 to 27.9 mg kg-1 in the surface and 3.2 
to 23.9 mg kg-1 in the sub surface layers (Table 2). The 
horticultural orchard comprising ber recorded the 
lowest water soluble K content (5.0 mg kg-1) followed 
by degraded land and culturable waste land (6.2 and 
6.4 3 mg kg-1). The surface soils recorded more 
amount of water soluble K than sub surface except for 
culturable waste land and silvipastoral system 
involving neem and Cenchrus ciliaris. The more water 
soluble K in the surface may be due to higher organic 
matter content in the surface soil or due to application 
of potassic fertilizers as observed by (Das et al., 2000). 
Water soluble K accounted for 0.11 to 0.47% of the 
total K in soils under this study. 
3.3. Exchangeable K 
The data presented in Table 2 indicated that 
exchangeable potassium content in soils under 
different land use classes ranged from 56.7 to 145.9 
mg kg-1 in the surface and 38.8 to 96.5 mg kg-1 in the 
subsurface layers. In these soils, the exchangeable K 
constituted 0.68 to 3.21 % and 0.73 to 3.13 % of the 
total K in surface and sub surface layers. The 
degradation of the land reflected in the lower K 
recorded as degraded land recorded the lower 
potassium content. Similar to water soluble K the 
highest exchangeable K recorded in the silvipastoral 
system involving Acacia with C. ciliaris in the surface 
soils, may be due to more amounts of litter addition 
from the tree component that might have contributed 
to more exchangeable K which occupied in 
equilibrium with non exchangeable K (19.6% of non 
exchangeable K). Periodic application of potassic 
fertilizers to horticultural crops like ber and field crops 
like sesame, clusterbean might have resulted in the 
more exchangeable K of 92.5 and 112 mg kg-1 that 
accounted for by 20.5 and 27.7 % of the non 
exchangeable K respectively. There was significant 
differences in the exchangeable K under different land 
use classes and depths. 
3.4. Non exchangeable K 
The non exchangeable K in silvipastoral system 
comprising Acacia with C. ciliaris accounted for 12.5 
% of corresponding total K which was also highest 
among all the systems. It was followed by the system 
involving Acacia and C. setegerus (612.2 mg kg-1). In 
all the grasses and Prosopis juliflora the non 
exchangeable potassium content decreased in the sub 
surface soil. The lower amounts of non exchangeable 
K in the surface layers of soils under Acacia + C 
.setegerus, Neem + C .setegerus, Henna and field 
crops might be due to the release of fixed K to 
compensate the removal of water soluble and 
exchangeable K by plants and leaching losses (Dhillon 
et al., 1985).   
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Table. 2. Different forms of potassium in the surface and subsurface layers in soils under different land use classes (mg kg-1) 
Land use classes 
  
Water soluble K Exchangeable K Non exchangeable K Total K  Morgan’s K CaCl2 K 
Surface Sub 
surface 
Surface Sub 
surface 
Surface Sub 
surface 
Surface Sub 
surface 
Surface Sub 
surface 
Surface Sub 
surface 
C.Ciliaris sole 20.63 18.43 66.05 64.92 491.53 447.64 5959.67 6176.80 64.92 63.23 37.50 17.25 
C.Stegerus sole 15.98 14.75 78.77 55.68 448.32 352.94 5900.55 4133.80 48.53 47.31 38.59 33.90 
L.Sindicus 15.67 13.71 62.10 59.28 425.70 370.84 6950.28 6674.04 49.11 50.25 33.79 48.06 
Neem+ C.ciliaris 7.01 8.19 65.16 53.63 529.30 444.44 6618.79 7392.27 38.96 37.26 25.36 26.82 
Neem+C.setegerus 15.19 12.76 62.55 73.86 447.82 514.24 5796.30 6834.77 45.65 49.91 33.90 30.80 
Acacia+ C.ciliaris 27.89 23.22 145.89 89.76 744.60 722.45 5950.88 7007.46 92.79 75.89 44.26 64.88 
Acacia+ 
C.setegerus 25.45 23.94 97.02 92.29 612.21 623.19 6674.04 7334.26 79.57 74.36 46.96 57.93 
P.Juliflora 21.29 16.23 78.67 62.05 516.74 464.29 6714.27 7117.96 63.68 51.97 45.98 36.00 
Henna 7.73 7.01 87.99 93.15 431.38 458.61 3728.46 4077.35 42.58 44.03 30.67 33.80 
Ber 5.02 3.23 92.46 81.87 451.82 356.94 5017.79 6013.03 46.40 41.90 22.91 25.01 
Field crops 13.35 9.63 111.91 96.45 404.38 443.82 3484.81 3077.65 66.94 74.02 55.37 41.16 
Culturable Waste 
land  6.41 7.10 70.57 73.39 292.78 213.47 2640.89 2730.39 45.17 41.21 23.26 21.42 
Degraded land 6.20 5.47 56.73 38.75 166.84 140.62 3248.81 3580.56 35.50 24.95 22.91 14.52 
Mean 14.45 12.59 82.76 71.93 458.72 427.19 5283.50 5550.02 55.37 52.02 35.50 34.73 
CV (%)  10.63  8.53  8.97  9.41  8.88  11.82  
 CD SEm± CD SEm± CD SEm± CD SEm± CD SEm± CD SEm± 
     Land use (A) 2.21** 0.71 10.07** 3.33 61.25** 19.61 785.5** 249.99 7.35** 2.34 6.49** 2.13 
      Soil depth (B) 5.07** 0.28 23.03** 1.31 11.03** 7.69 141.4** 98.06 1.32* 0.92 NS 0.83 
      AxB NS 1.00 14.24** 4.71 NS 27.73 1110.8* 353.55 NS 3.31 9.18** 3.01 
** Significant at 1% level, * Significant at 5% level 
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3.5. Morgan’s K and CaCl2 K 
The Morgan’s K content ranged from 35.5 to 92.8 mg 
kg-1 in surface and 24.9 to 75.9 mg kg-1 in the 
subsurface layers and the highest content were 
recorded at Acacia + C. ciliaris system as in the case 
of water soluble, exchangeable and non exchangeable 
K and the lowest was noticed in the degraded land 
(35.5 mg kg-1 ). 
The CaCl2 K ranged from 22.9 to 47.0 mg kg
-1 in 
surface soils under different land use classes.  The 
highest content was recorded in soils under Acacia + 
C. setigerus and lowest in degraded land that was at 
par with the soils under ber. The occurrence of 
minerals such as potassium depends on weathering 
processes and landforms and land use play a vital role 
in weathering processes (Sharma et al., 2006). The 
land which undergoes frequent cultivation and 
disturbance are more prone to degradation and loss of 
different forms of potassium (Mukhopadhyay, 2005). 
However Bizuhoraho et al. (2018) did not find effect 
of land use change on exchangeable potassium. 
6. Conclusions 
The study on different forms of potassium showed that 
the contents of water soluble, exchangeable, non 
exchangeable, total, CaCl2 extractable and Morgan’s K 
varied from 5.0 to 27.9, 56.7 to 145.9, 166.8 to 744.6, 
2640.9 to 6950.3, 35.5 to 92.8 and 22.9 to 47.0 mg kg-1 
respectively. The silvipastural system involving 
Acacia and Cenchrus ciliaris recorded the highest 
water soluble, exchangeable, non exchangeable, 
Morgan’s and CaCl2 K. The total K was highest in 
soils under the grass, L.sindicus (6950.3 mg kg-1). The 
degraded land recorded the lowest content of non 
exchangeable K, Morgan’s K and CaCl2 K whereas the 
total K was lowest in the culturable waste land. 
7. References  
Aggarwal, R., Gupta, J., Saxena, S., Muthana, K., 
1976. Studies on soil physico-chemical and 
ecological changes under twelve years old five 
desert tree species of western Rajasthan. 
Indian Forester 102, 863-872. 
Bizuhoraho, T., Kayiranga, A., Manirakiza, N., 2018. 
The Effect of Land Use Systems on Soil 
Properties; A case study from Rwanda. 
Sustainable Agriculture Research 7, 30. 
Black, C.A., Evans, D.D., Ensminger, L.E., White, 
J.L., Clark, F.E., 1965. Methods of soil 
analysis, Part 1- Physical and mineralogical 
properties, including statistics of measurement 
and sampling. American Society of  
Agronomy, Madison, WI. USA, pp. 770. 
Chandel, A., Singh, M., Singh, T., 1976. Forms of 
potassium in Mollisols of Nainital Tarai, 
Bulletin. Indian Society of Soil Science, New 
Delhi, India, pp. 13-20. 
Das, K., Dipak, S., Nayak, D., 2000. Forms of 
potassium and their distribution in some soils 
representing red and laterite ecosystem of 
West Bengal. Journal of Potassium Research 
16, 1-6. 
Dhillon, S., Sidhu, P., Dhillon, K., Sharma, Y., 1985. 
Distribution of various potassium forms in 
some benchmark soils of North-West India. 
Journal of Potassium Research 1, 154-165. 
Helmke, P.A., Sparks, D., 1996. Lithium, Sodium, 
Potassium, Rubidium, and Cesium, In: 
Loeppert, R.H., Soltanpour, P.N., Tabatabai, 
M.A., Johnston, C.T., Sumner, M.E. (Eds.), 
Methods of Soil Analysis Part 3—Chemical 
Methods. Soil Science Society of America and 
American Society of Agronomy, Madison, 
Wisconsins, USA, pp. 551-574. 
Jain, B., Singh, R., Giri, J., Sharma, J., Shyampura, R., 
2003. Agro ecological assessment of arid 
regions of Gujarat for crop planning, In: 
Narain, P., Kathju, S., Kar, A., Singh, M.P., 
Kumar, P. (Eds.), Human impact on desert 
environment. Central Arid Zone Research 
Institute, Jodhpur, India, pp. 39-43. 
Kiflu, A., Beyene, S., 2013. Effects of different land 
use systems on selected soil properties in 
South Ethiopia. Journal of Soil Science and 
Environmental Management 4, 100-107. 
Mukhopadhyay, S.S., 2005. Weathering of soil minerals 
and distribution of elements: pedochemical 
aspects. Clay Research 24, 183-199. 
Puri, S., Singh, S., Kumar, A., 1994. Growth and 
productivity of crops in association with an 
Acacia nilotica tree belt. Journal of Arid 
 Mangalassery et al./ Journal of Environmental and Agricultural Systems 01(2018) 1-6 
 
6 
http://onlinejournal.org.uk/index.php/JEAS/ 
Environments 27, 37-48. 
Sharma, B.D., Mukhopadhyay, S.S., Sawhney, J.S., 
2006. Distribution of potassium fractions in 
relation to landforms in a Himalayan catena. 
Archives of Agronomy and Soil Science 52, 
469-476. 
Sparks, D.L., Huang, P.M., 1985. Physical chemistry 
of soil potassium, In: Munsen, R.E. (Ed.), 
Potassium in Agriculture, ASA, Madison, WI 
53711, USA, pp. 201-276. 
Wang, H.-Y., Zhou, J.-M., Du, C.-W., Chen, X.-Q., 
2010. Potassium Fractions in Soils as Affected 
by Monocalcium Phosphate, Ammonium 
Sulfate, and Potassium Chloride Application. 
Pedosphere 20, 368-377. 
 
 
 
